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(54) NEGATIVE PRESSURE AIR-LUBRICATED BEARING SLIDER 
(57) Abstract: 

PURPOSE: A negative pressure air-lubricated bearing slider is 
provided to keep the levitation height at the entire area of a disk, 
to keep pitch angle at the entire are of the disk, to minimize 
rolling angle at the entire area of the disk, obtain flying stability 
in disturbance and track seed motion, and to avoid the 
deposition of contaminants in a negative pressure cavity. 
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CONSTITUTION: A negative pressure air-lubricated bearing slider 
has a body(300) flying in a first direction while levitating a 
specific height along the track of a disk. An air inlet channel 
(350) of an upstream direction is prepared in the front end 

center of the body. The air inlet of the air inlet channel faces the front of the body while an outlet of a downstream 
faces the inside of the body. A pair of negative pressure cavities(340) are formed in a second direction at the bottom 
face of the body. The second direction is for track seek motion. The negative pressure cavities are placed near the 
outlet of the air inlet channel. Therefore, rolling angle in the track seeking direction is stabilized and rigidity of an air 
bearing against disturbance is improved. 
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' ^7fl^-*] -^-2002-0003902 

£ 7a 

-41] l Jl <>1 

-a-#, *eW3 

£.'dfl Tl^+tt *J r g 

5. 2a ifl^l 5. 2cfe Sl]i=-c}>i3 °] fcl sfl o] i» uj-Eloflfe 3} o.£. £ 2 3 tt *MH. £ 2b^r ^£ ZLeJjl £ 2c ^ «fl 
£ 4fe #eflfl sefoi-BUE £e}o]c-|C 4 A |£°I4. 

5. 5^r ^2fl2] ^-oj. ^- 7 |*# fceM^S £*MlH* 5*]*}.^ A>Al£Olcf. 

£ 6* * *7l #eWc|fl ^3.3 s^-a. i£ol 7 fl^ £ ol4. 

£ 7a£r H*$2) tifto^ ^eMcH afll^AHjfl aM^c}-. 

£ 7bfe £ 7a^) Sl^lA £ £ig s) Jf ^7l-g:# BiH^ ^bJ-oIc-H n}-^ *fll^AH)fl ^^£o]cf. 

£ 8afe £ -g^A *7l-8r* ^o]c]o]] tt}-§ *ll2AjA]oj]fl 

£ 8b^r £. 8a°fl 5^1€ -g- t^fl Jfoj- *7l*» «lH«y ^WcH n*€- ^AjAloflfl s§^£«>1cK 

£ 9-b * H^l *7l*« a)l<H^ ^ #*l~¥-fl ^ * ^Hfl fl*lt -r" 

•#£-o|fl t£$.m. ZL£fl = o]cf. 

£ 10* * l^l 4* ^ m<H% ^e^olcio)] n]-£fl cj-^-Sf-S] -3-A £3- ^ C^3fl H?» flail 

1-^-fl M-eHI 

£ 12afe * t^fl *7l*« Hflo^ ^El-olciofl ^l3^Alo)lfl A>Al£olcf. 

£ 12b^ £. 12a<H| iAlfl -g. «}-nJfl ijLoj. «fl<H^ ^W^W ccj-g. *fl3*lAHfl 5§^£o]rl-. 

£ 13* £ 12afl 5. 12b<^l ^- ^ujofl tt)-# <y- ^7l*« afl^^ ^0]^^ ^ 3 ^Aloilo)I ^o^Ai, ##^-fl ^ 

°lBfl ^^-o)l icf^- ^-^0)0) ^^.s. q-Ej-vfl zieflHolfl-. 

£ 14fe £ 12afl £ 12bofl £A]fl ^. <t«3°]l n).^. oj- ^. 7 1*% ^1^^ ^o)v)$) ^3^}^}^ $X°1*\, ##-?-fl ^ 
°lBfl fl^l^fl 4E)->a 3.sflH.olcf. 
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^H-S-^ S-2002-0003902 



o]BS) >£3>H tt]-s. s-z|c^ ufEfvfl :^flH°)t}. 

51 19a^ -g- ^"^ofl tc)-^. Jfoj- ^-71^1- riflo^ ^^olc-joj 3*V€ U^-g-SSol 1 }. 
5L 19b5L^ * t 1 ^) ^ hWS *efclc-iSl 2*H1 <y-^-g.io|c}-. 

£ 20-8- *»7> c]-# f^sfl ^|7fl2l #&t-o)c^ £ U-^oJI 4^. ^aWcW cfltb ^^Efl -f-^- l^f 

S. 3)*lz]-3] ^S)-i- Ji^l^- ^m ^LeflSolcf. 

£ 21-8- ^7\ cf f^efl M)7i\2) ^5}o|c-1<2f t^o)) 4^. ^ej-olc-H ^ *l-§-el]ol^ 
3. ji<y aim nefl = °lch 

51 23fe ##7)- cfa ^) 7 ^o) ^^cid^ ^ofl 4s ^^olejoll #^-§- 7>^ ^eWc^ 
tftflaj £3 fc^-g- i4eW1 iL<?l Him ^teilHolci-. 

£ 24fe #^-7f cfs. ^efl ^flsl ^oidsq- ^o\] 4# £aWcH #2j^ 7 >^V 7g-f ^olc-}^ b^z}- ig-g. 
-§- H-Eftfl a.ol Him Z!.efl = olcf. 

£ 25^ #? r 7}- Cf # ^efl ^]7fl2l ^^o|ciSf £ »J-^o)l Q}- ^Sl-oldofl f^-g- 7 ]-$- ^-f ^ #4 

<4e)-v|1 t£°] aim zL2fls.oicf. 

H 26^ ^7> tfg- ^Bfl ^7>xl2l ^e^-olcifil- ^ nj-tgo,] 4= #e|olciofl cfl^v S aj^Al ^ ^o]xi\«\ ^^o] 
£ 27-& ^-^-7> cf^- ^Efl -^7>^]2l ^eHc-lsl- ¥ ^°\] cU*V na| ^JjAlsl ^oldej sl^z^ ^ 

£ 28-8: ^¥r7} ^2fl ^7>^2l ^El-OlDl<2f ^- 4^ #^°lcHoll tfltl H^? ^ <>} ^^OldSl f-Z^- 

#'^2l 42-31 

71 # "I ^«^2l ^-Ufl7l# 

^. Hj-tg o. 7l S.^lol]A^ 7>7l E^i^7V ^Slfe If® %-7}3r% Bfl<H^ ^^l^ofl ^> ^O^l, ^1*1 

(Flying Stability )°] ^€ #e+°|el^l ^ti- 5J 0 ]c+. 
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«H, *\?\ C}i3.(llH OWr^ ^ ^-7]£«- Bfl^^ ^Bl-OlC-1(14)7> Aii^^(l 5 )oll Jf^S]^ ^ofl O) E] ( 16) 

°M # ^J=^(13HlTr *)£- ^ 7l^sVJl 544. n)-^ ^iL# ^71 ^lia B^(13)* # 

^*el-°lc1(14)7l--g-3jo)7l] ol rtH^l, e^( 13) o) c^ofl o)-^ ^5L7 r nj-^i ^eWoK 14)2) 

<=>), *\ *4 $ ^fr#°i ^^i ?icf. 



£ 2a, £. 2b ^ £. 2cl ^5^, °1 ^sl cf-g- z}- cl^a. H?>HH£r C] ^3.(1 1)2} 3] *H o}^- ^^£(25)7f 
aV^ofl u] afl^f^ £S}7fl Jgo..3*) q- Eiflo^ e^ofl k^^bH^ °1 -^-^ol(21), (22), l-zft 

23 H ^sl-Tfl ^cf. 



^fe 0 l(21)^ ^iL-fr 7|s./^^*m *M H^^(26)7V *13<HH2l ^^o]cl (14)21- ^-oH- 

u|-e}l|H, 3l^zl-(22)^ *sl-olol(14)sl ^ol« 0 v % tjq- s%#o} o]=^ zf-g; v+bI-HH, »z]-(23)£- *eWc1(14) 

2] hj-^j!]. 3gigo] o] =fe Slnltl-cl-. St!- =^#(24)^ ^^32] eajo] ^^(16)^- ^eM^I (14)2] 

^^1^(15) ^l-o|2l zj--g- 3]*)^. o]z\i& iffz}-(24)£r ^H^] *& A M ^ ^Wl =1°! ^ 

i3 «J-^1 4ef-?-^Efl «r, -^S°l(21), ^1^1^(22), ^elJl 1-^(23)21 ^7} ^}?\] 



#efl°11^ -^^l?} 2f 2-3 *Wa3.<JJ*l 0 1#°I S-^^ ^S- 0 121 ^^°) ^c-lBl-i ^^.21 71^. Tfl/y 
^*J=* *1*]*1 $^cf. ^Lfilu)- a|e«im ^S 0 l7V 1 nfoi 3S .oi^ ol«> S ^-0^1^^ Jf^o]^ ai^-^-sL 

Sl-olC-121. t^ia #21 ^ til£7V Tl^Tfl SH ^ ^i^Sl ifl^ ^ ^^l ^^^1^1 

^r^-*l 1 
Hw = a * He 

l€- «flH. 71)^ (head writing field, Hw)2}- 7l^- D fl^]^ n^]-^ (coercivity, Hc)^ ^-7^11- q-el-^flcl-. 

2}-* ^T^- 7fl^ ^£7> 3M.*l7fl €4. °l5J-a- 8jS.7> ^ TflAJ ^Hf 7HJ1S 7 |S- Dfl ^o)] 71 S- 

« ^ 5U-S-* 2ln]^.cf. alsii ^ a ^ ^e^-oicisf cl^a?i2l 7>^-°l f^oH ««« °) S)t* 3f^l£^- 

SV^'S -¥-^fe°l» ^cf. -¥-^ 0 l7> ^W^i 71^. <g iS i- ^.^^ alE( bit )o^ 3.711: #<y ^ siol, JitJ- ^ 

*r7l3J4# ^|7fl ^cf. 

##Ol 7Bf-^°l Tl^lTfl Slol OH- ^1^71 flfc <HE] 7W ^^-Ol TflAlS,^ fltf. 

£ 3^: n]^- s-^l US3823416<Hl^i -&Q<>]tf3.*\ #-f-^<?l ^Efl2) ^ej-olc^ f2f iLo]^ ^0.5. 

£ 2a, 2b, 2c °fl « ^ efl 2]- -^°Js>cf. 



£ 3* ^«r^. *ef°lc-l2l ^3] <$et<H Eflols|(32a)7r 5H°J(31a)°l # °1 M-#SV7ll S^SM Si 

4. °le1?V ^EH21 ^S)-o]C-1^ 2:71 7V7171S- A-| 7l^^j Aj-g-Sj ^ ^EflS. O)!- EflOlBl #^(TF) # 

efoldel- tr4. »14 £-8- £2Mc)te £ 2a, 2b, 2c<$*\ -tl^t^ i^z]-cq gsj-ofl cfl^ ^-^ol, 
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2j*lZf, =L$3L Wr^o) "11-9- 3.7\\ 3:3* ^^^^(26)^ 3jL^o] Efl^^ 



^•o.S. ^^3. cH«r 7]5L ^f7) ^^.S) 71^. r] 7fl^<H|^ e <3^-§- 7)^)^1 nfl-g-ol 

£ 4tt US4894740°1lAi ^-?>^ ^22] ^e)-olcH# iL<?}t}. £ 4* #2:S>^, ^eM^SI ^ofl tflo) 

5)(32b)7}- ^b 0 H1 t$j$# 31°J(31b)°| ^SM^ f^a]-«-^l-xl ^^sl^I, ^5folcH2l JjLwj-->f #<y-o)] ^)S.(33b)7> <g 
^3 7>^lcf. o]e]^ ^-2:°] ^£}o1d)s. EEfol-aflc (Tri-pad) ^ 6^-0)^5} ^cf. o]s£\. ^o]v^ 7)^ 

aeiM- 71^.^)5] i^SSl-71- A^q^Ai ^o]z\2}- v)±ELl}2] ^HS^ 3.7]) (2 n}ol£LsL<?!*l °l*r) 

£)SiU, *1?H) cfltb a. 4 ^3 *Hr ^fSM lH§*Hr #e^-o]cH7> t11a)s)7H 

£ 5°11 £Al^ ^e)-o|dfe d)^ s-s) TJS4894740°1H *))<>]-£ Jf <y- *7|*» m|<H%| ^eWc) (Negative Pressure A 
ir-Lubricated Bearing Slider).?- ^]5.-S.J^ #efo] c] (Zero-load slider )e]-Ji:E. tr^K 

£ 5» ^s>^, #e*°lo)<>] a] 13 °<HH1 efl<y(31c)°l q-^Tfl ^s)o] ^jz, <$ Bfl<3(31c)2) ^Jj'-g-o]) tie)*) 
(35c)7)- <# Efl<a(31c)Afo]o] 3.3.^ **^-(33c)4 ^--a- **-?-(34c)S. ^3^. 



(33cHH ^-^Sl-al Jl ^-71 «flo)^ ^(air bearing surface, ABS) ^ ^^-(34c)^^^r ^7] 

<$n°\) cflsj-s}^ Jf-Qo] >a-^^cf. o]e^ ^ofl tcfe.^, « <y- ^-f-(34c)«HlAi^ ^«fl ^^c]c^ cl^S. 

S| *<y^ 0 | ^§5\o] ^o. 3]^}^ 7}*]*ix\5L -E ^7laflol^ 7j-Aj^- ^A^>7fl =L^ o]Q *gtf$\ 

^ #Sr°lci^ i#Zf^ u}.^ s.2|o^ ^^-^=01 371] ^-^^S.>«| 7,>7l Bs3^^1(26)7> Slfe ^ofl^S] 

^°17> 3.7]} *&°} 7)^-/711^^ 3. o^el-g-o) ^7fltrq-. Qvfl S^^-^ (track seek mot ion), 5.^^ 



^Mi-gAia nj-oia^oi^i oisj.) o]Bit!- *m 7j-s}-s]ji si^. 



1"^, ^e]-o]Di7V O]^-^ 3\*)Z} 3_7]7\ V)±3. &7\]&o) *\ ^ ^ ^ ^<>11 H.^ i«"5] <H o> 7|l} 

^71] ^el-olc^ ^J-Jf- <4 v]^3.S^2] HEfl^ (crash)7> Ir^sH ^l^^^l ^\^3. ^<^1 -?-3l5] 

°\, ^|7|jLa!f7> M-El-ul-x) ^ro). #^olc-]7> (dynamic stiction)sRr ^^^1 

71) 3lA]Z|ol ^|u|.^7fl 3^ Hflol^ 7J-^* -n-^Al7|xl ^o}vj3) ^ oj.^ ^ rto] 
*]71| ^Cf. 
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£ t^2] all is] s.*} o. o^o^o] ".^oii- <a^H>7fl -fM44 ^tt *7l*» m<H3 #eH 

3* *W\±= 5Jo]cj.. 

£- ^2] *122] c^a. # ^^HHs] SjAlzfol MHW -B-^S|5.^ Sflfe ^ *7l*» 

-g- XII 5 2} -^-*!£r sflS-T^H 9jEis|loli (head-disk interface, HDDS, -fr^s]^ ^<*<y7}2] <y=^ 2)^5)- 

*WHr 3H4. 

^Ji7 r 7|s-2)fe c|ia°] e^^. n^gj. ± ^ ^.o) Aj-Eflo!]^ *m«j}-$:.£.3. Hl*8sRr -g-^; 

Aj"7] Cl^32] S<go|] Cfl-g-SRr AJ-71 £-*)l2] 7^o|] d>^5]^ 4^2] iHl-a^I 

2) -B-l^-g-l- 7>4fe ^7i-a-«a^^4; 

4j-7i *7i-fr<a^iidsi ^-7itii]#^o)i Di-^si^ #0.5. *7i-fr<y^i\i* t A JAs -iM i ihm ^^"y ^ 2 «s-^s. 



^1-4-4 a f^oj-o,] Aj-7] Jfoj- ^^«S.o, A) .o 1S ^^«£)fe ##-V-7> Sife W « 1 Bll^ t»flol^7> P> 

gSlJl, Aj-71 Xfl 1 Efl^ Hflo]^ Aj-ofl Aj-71 <y= *&3f<% tfl-g-«|-fe ^llefl^<^l ^ 4^=1 °1 Xl^ *>4. 

^71 21 ^ Aj-7] ^1 1 Cfl^ofl Hl«fl 2)4S>Cl, Aj-7] ^^^1 -*7l *7l-fr«B^I^ 6 l D >S5l 



£tb, *t-ft *7l*« H)H^ #4°lCi<Hl Si<H^, -*7l Afl 1 efloj^- Aj-7] ^liefl^ «H4^2l Aj-^ ^^.o| ^Ajs)^, Aj-7] 

xfl 1 e))^2| ^Hj-ofl xflieflU Hflol^fi] Aj-^ofl ^h c v <a-2l-.sjs.7l- 4^5)^, m S ] > Aj- 7 ] ^fl i ^]<y o. ^ ^x^.y afl 
°1^2l Aj-^ ^AjS|nl, Aj-7] ^.oj. ^-Jg.^.^ ^ j efl^o^ ^aj-ofl ^ le |)<a H)lol^2] Aj-^ofl 2]^-^« 0 V 

-a4-¥-7> »V^si«H 301 4^-4 s>ci-. 
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4°)-7Hr #7] 7fl 1 3|<g afloli <s^o\] *ft 2 3)2) *\}°)^7} ^s. >£7l zj- t)1 2 efl 

^mol-t ^J-ofl 2 efl<lH o>^s)cH oj^ ^jo] w^^sH, ^-7] <£ *g 2 s)l<a «2| A>ol<Hl 7)1 3 "l^sH S-U, 

^7] 7fl 2 dl^-S- ^7) ^#0-3. «E1 i^THEl 91^ % °1 H>^3)SH, 7)1 1 e)| <g Hflol^ ^ <y^ 

7}^y^o\) ^}^-7\ *$^S\o] oj^ Tto) Etfr «v^s>ci-. 

^-7] S-sflo^ j a^o) ^wj-a.y.ofl pV^S)^ % o.^., 7j) 1 Bj-^o] oj^ofl 7)) 1 ^7] 7)1 1 

-g-2] ^-^1 ^ ^^l <?l^^fe- *11 2 7fl 2 -$7] *fl 2 -f-^-S] ^TV-^-g-^l n>^5]^ 7)1 1 ^§2] ^-7} 

$-<U^^°} ^7} <£ 3)1 1 2}- 2 -?-g-l- Aj-0131 vfl# ^-?J-o)] ^-71 3-7l-fi-<y*l|^-a- ^$<L3, *\] 2 a o V ^ 

^7] ^Sl-o|C-l -§-*))2) 7i) 1 M o V*j:o] j^V oj:^ ^-7] ! e^jjj. ^Jg^-fr ^J7 Z*Zf ^Sl^r ^21 7)1 2 5)1^-8: 



4 v 7l ^°l «.oj. ^-7l^-«- h)H^ ^jq.o|c-Hj °1<>H, ^-71 <g= Tfl 2 £111121 a>o1<hi^ ^11^21 ^<y-«-«.oii 

SlJL ^7] <& *J-«Hr ^Efl2l W ^ *)) 1 efl Qj Hflc-l ^"Sj <##°fl ^Sla, ^71 ^7l-e-<y^^o. ^ 

i efl<a «iioiisi s] ^s,] 711^-sui, >y-7i ^ 1 2fl<u£- ^-7i 7]] i sfl h)] o] i <a-?-^ ^SM, ^1 

€^ ^ ^ u o V ^ii 0 J#<H1 211 1 efl<a°l ^^51^1 711 1 5)111 Hfi°li£l ^>-¥-7> 9X3-. 



£ 6£ t^ofl 4# JfU ^71 -Sri; ml<H^ ^el-olc^ ^-^J* il<?l 7fl^£ol^. 



s 6-i- ^^.71- 7]s.e)^ c^riasi sai-fr fe^l -¥-^t!- -y-^°ll^ h1^^ §^i(300) 

» ^-Hltl-cf. °^7H1^ Hl^?}-^ 21 ^-^1(300)7]- c]i32l 2)tb <9=<a-^o(| o^g)) Jf^o} t\^3_2] 

<H1 cfl«tl #7*-%: ^1^-^-EflotlAi ^cflajo] 7H]cHr ^2fl ^-^1(300)^-^^^011 x]^^ ^efls. 

A 1, ^Hl H^, ^■a^lfe z\+3.7\ 2)^*1-4. ^7) ^-^1(300)2) TH^-f- ^ ofl ifr Tfll^^ Q*}^ <>j^ 

^^(upstream)^^^ ^7)-H--y ^(350)°1 °1 ^71^-^^^(350)21 ^.^-B-oj-f-fe- -g-*tf (300)21 

cf^-iE^( downstream )^oi ^.71 o.^«.^ s.*|i (300)21 °V*rO_£. o]^i£ ^-7l-fi-<a^^(350)-a- ^ 

71-f-oll-^S.^ H}°i%o\] 2lsfl 7fl^-5l^ 740ICI-. ^71 -g-S)](300)2l 7-1^0)1^ ^ ^ «.<y- ^jjL (3 40 )7> 

«1 ^-S-?-(340)^ 7lll^o)l ^3]o) 7fl2«J-*o.S. <a^ Tj-^-i- ^JL ufl^l^cl.. <^7HAl ^i2»j-*d=-a- S 
@j ^-Ajjol ol^.ol ^l^ Hj-^olcf. olel*V «g= ^.<y- ^«.( 3 40)^ #71 7)11*8-^5. Hfl^l^ ^71-^^^^(350)21 ^7l 
-a-t^oti -a^sfTfl al^cf. ole)*}- «■ 2:21 ^ ?-&^-(340)oll 2lSl-^ S^^«S-^AS.2l zf£ oJ^sIt)) 
-fi-XlA]^ ^H, -&S1 21^-0)1 Cfl^V ^71 H)H^ol 7j-^-§- ^cl-. 



^7)2f ^-2- 7 H^ofl oj^sj. ^ ^.^ol «.oJ- o.^. B,]^^ ^gl.olc-121 ^311^01 ^AHIS.^- ^^^1^-. 

£ 7a tt & ^^21 -?-<a- ^-71 ulH^ ^El-olololl tcj-s. ^l-aAH]oi Al-Alsolol, £ 7bfe n ^^^olcl-. 

£ 7a2l- £ 7b» ^-SSV^, ^ ?-7l*% h)H^ #el-old2l #3)1(300)21 7^o)l ^sl «y-^ol ^slfe 5 7fl2l 2)l<y 
(310, 310, 370, 370, 330)2)- #21 <y-^ol ^-^^^ a oj-^» (340)7> n>^^cl-. 
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>8-7l *3333 -g-*]j( 3 oo)^ 3^33 3* *£* *#3* 7^2 Stt-S.^. £%33* 333 elAfli(recess) 
-S. 3333 Sic)-. #3333 -g-§-3* all. *112, 3)3 311(310, 310, 370, 370, 330)3 3*11 ^3^4. 

#71 7fl l ?fl<a(310)* 3 27} 3333, o) ^ 33(310)* ****** 33* *r SiS* **fl ^3*<H13* # 
333 33330..5L 33 «4 3d), 333 3*3 3(3ffi)* 333* ^llCII«a «llol^(380)^l 33 *§333. 



3* ^3]3-5~S. 33143, **fl(300)3 33*°H 3^3 3133(310,310)3 333:31 3^-3 A }-33 3^3 ^3 
*33^(350)3 3?!33. 3113^(310)3 *3 *333(350)3 *333 ^3 *°lsL 33€ 3] 1 33 33^3 
380) 33 *§3?13-. 7fl i efl<a 33^(380)^r 'M' 3 SE^r 'W 3-2-5.3 jg 1 33(310)3 3«-.g..o .g. £- ^ 3.5.3, 
#*3:a 3^3 i33 *33 *3 ***(340)» 3*33 €3". 31 1 efl 0 J 33^(380)33 3 *3 ***(34 
0)3 333- di3 33 333 l#*(360)-cr 3 *3 ***(340)1- *33 .5.5. 33 3 333 <$ «<y. ^«-( 34 

0)333 3 333 333 *33£* 33. 



33 333 3-33^ 57113 33*33 33*3 333 31 1 33(310)* 333-* 33*1- 31 *333 3=^h33 
#»* 3333. ae]ji 1 33(310)3 3 *33* 3] 2 33(370, 370)7> 3333. 3* *3333 *(roll) 
33* ^3*°-53 1-3 333* *3*3. =l*)3. 32 33(370, 370)3 3°H 333 31 3 3°J(330)3 #3 
3* 3 3.* 33-/3l^3* 33 H^^3(26)7> 3333. 3"3 31 1 33(310, 310)3 3333-S. 33 312313 
(370) 3 3)333(330)E ±^ *33 3 2, 3 3 313 33^(381, 382)3 3-#'3 0 fl ^3 33-5.3. 3333. 



33 31, 32, 33 efl3(310, 330, 370)* 333 33 33^(380, 381, 382)3 ^"SHl 3-S-3 33-5.3 
^33^. 333 31-3 *3°fl ** 33* 33*(320,322,325)7> 33^13. 33^ 33*(320, 322, 325)* 3 
33(310, 330, 370)* f-S-3 3^ 3^3 3333 313333 33 33*83 3** 3]*sfl *H, 333 

33* 3*3£ 3*3 333 3*3.3 *333 3** 3^3^ 333 3*3 1H33-* 3*2.3* 3^3-3^ <r 
3*33* 333 33. 



3U 33 33^(380)o11 333 33*(320)33 *3333 *3* 33 333 l-#*(360)3 3«1) * 

3***(340)7> 333-5-5. * 35. 3^3 33. 33 3* * 33 *3***(340. 340)* 333-^-5.3 ^3 
3 333£ 33&3 ^ *333<H1 3«11 333 ^-33* 3333 *333 *33 33 333* ^3^3. 

33 3 2 33(370)* 3* *33^ 33(321)3 ^13e33 33 **3 3=3 *3* 3-33^ *r * 
3 333* 3333 ^3. ^2 ^3*3 33(330)* 33333. 33(322)3 3*11 1-333 #*3 33* «■ 
333 ji 3333 *3^3^> 3:333 3-3 €■ 33* 3333 *3333 *3* 33 333* 33333. 

333 35-3, 3 1 33(310, 310), zl3ji n ^33 3 2 3^(370)3 3*11 33€ 3 7fl3 330] ^333 
33 3*H *333* Ji3 333 *333* 333 33. ae]a 3 l efl°J(3l0)3 3«ll 333* 33**3(34 
0)33* * *33 3333 * *3 3333 33* 33333. 

33 3* *S3 333, ^U^*^ *3* *3^-S. 3* 3333 *££5 33 33 3 313 33^ 13 3333, 
3-f3 333* 3333.5.3. 333 * £ 33. 



£ 7a 3 5. 7b3 £33 33 33, 31 2 3^ 33^(381)71- §3(300)3 *3*3 *3 3333* *33^i, 
3 Ji 33 *3(300)3 s.33 **3* 3 1 33 33^(381)7} 3333 3^ 33 3*3* 31 1 33 33^(3 
81)3 333 **(380a)fe 31 1 333 333711 33 33. 33 33^. 33 *31(300H1 # **3 33333 
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51 ^1 1 efl2j «fl 01^(380)2)- t]^3.2)-2\ % %o\ >&7]s)5i, Jf <y- ^«.(340)-l- 5.^-*}*r *)+3. *M2l <g<^ 



^7}o\]*\ a}2± #oj oj-^o^ cflif-g-,2- tfl 3^(310,370)21- ^e)-^^ Jfn] (330H*1 

*H, *°J-*-S-¥-(340)7> 5dfe ^el-olc-lS] f^o^ °l*r ^Eflfe cl^H egM 

2l*H ^s^olc-lo) ^-^ol(2l), 3)^1^(22), ^taU 1-^(23)2] <£*^-g; SliSHr ^ Sl*h "fl-f ^-8- 

-6-^1*}^^ 91^^. <S-§-o.S-«l sflJEL-tl^a. olE-lslloliSi 4!3H-g- ^ Sfl^, °1 

71^-8- ^ u l7rtr °)-§-S)-c: NFRD (near field optical recording drive) °l-g-°l 7}^is}v) r . 



51 8a2f8bir t>32} ^71 tfljo)iy ^5}-o)el2] 2 ^Ho))-!. u(-Ef Jio)^ AfA)51 ^ ^^lCr. 
aj 7 |o 1 lAi Jf <y- (340H1 ^>^-(323)« ^1 ^ ^ Jf "-ofl cflsflA^ Aj. 7] £ 6aS+ 6b°)H ^ 

£ 8a, 8b °11 5.*}$. ^1 2 ^Htt, 51 7a ^ 51 7b°l) £7]^} *1U^HHH *H 1 «lH:i(380)°11 ^slfe 
^(360)2} <§Aj.o| ttf^v ^jj-sjui, l efl<a H)lo]>i(380)2j <?>sofl ne)Jl -?-<y- ^^?-(340)°f) ^SKr ifl^ 
(323)7> ^7^5514. 

-tM ^) 2 °X°]*\, *fl 1 «1)°l^(380)2l ifl^- ^*>^-(323)fe ^f^^mo)^ ?l^s>7fl ^]1^)^(3 

10)^1 ^h 0 Vo)| *§^s\o] -¥-<a-^-?-(340)S.2l o]«fl i£Ag*Kr Dl^t!- J2.<3<y ^ a|^Aj-g- 

£ 9 Ml*l 11 £- <$7] 2 oflAi^ u))^ <a-A r -f (323)2} ^-(A)ofl cfl^- ^e)-olclsl JjLAj-.ij.A3.g- j^o] ai £ oH}. 



E9^|E ll°ll JEAl^ uV2f ^o|, S- A 7> «^ ^- ^^(340)^ ^^^Vfe ^^ol ^<>V^7ll SM 
flying height), ^^l^Cpitch angle) -f-zKroll angle)<>l ^7f5>7fl ^r+. 4^ s-as) a7lfe *li-f*l 

Tfl a^l ^1-^ ^-A2] 7jo]^ ^| i 3)11(310)7121 7lel(310T)2l 25 % oltfls «r^^cf. £ 9 Ml^l £. 

11 °fl*l ID(inner diameter), MD(middle diameter), =L^]JL OD(outer diameter)fe HQ x}7]7$g_7} cli 
3. tfl^zj^, ^71^ 3]^, HElJZ j)^^ a]^^- v+El-Hacf. 



£ 12a2f 12bfe ^"^21 Afl 3 q-El-xfl io]^ a}-a1£ 3§^£olcf. 

^^H]^ ##^-(360')-l- ^I2lsl-i *111^AH12J. A}^ ^^-i- 7>^Cf. 51Al£ Mfsq- ^O], ^ 1 5fl <g 

H|ol^(320)21 U>l-#ol] p]-^^ ^>(320)S. -f-El l-#-¥-(360')7l- ^#^1 ^1 1, *q 2 ^o|o|^6| ##-?-( 

360)ofl «] «fl ^Tfl ^1 l-#^-(360')fe «» -¥- < a- ; 5-S-?-(340, 340)« ^r^\^]^~ *H ^7] rt 

7 a°l°ll cfltr 0 J-^2] 37]^ ZLi}*l °.sL q-El-^cf. 



£ 13 vfl^l 51 15°1H -*7l -&#-?-(360')2l ^oKBJof) cfl*l ^el-olc^ «.Aj.SAj^. q-^ifl ^oj ^5:0)4. £ 13 tfl 
^1 £ 15°11 51*13 H|-2l- ^-o), ^-Aj-^-ols)- 2)^1^ ^ ^Sl-* ^.ol^l ^o.»4 Aj. 7 i (360')21 ^c»l(B)7> # ^s. 

Cl^a n)-g- »7+2l 37)21 S>7> 71 2J- ^ o^cf. ^Jl <$7] f-^^(360)7> fl^l* 31112] 

^(332)21- <a^^ ^-EflS] ^-S-oJ)^ 0D°1H21 -^-Aj.^.0171- ^-s) ^7>5>7fl H]^ 31*1 0D<>1H ^^1 ^^*>7ll 
^lTl] ^cf. S.& ^-^-s-^-^ jielSfo^ JB.^ nfl, ^71 ^^-¥-(360)21 ^o]B^ ^Bl-^C-l ^o]Sl 70 % o]xJj\7\ 
4. £ 13 m^l 2. 15 °11 7-1 IDCinner diameter), MD(middle diameter), ODCouter diameter)fe *}7] 

^M.7} T^rQ z)+3_ ^ vfl^^l^, ^71^ a]^, ztelJl SjS]^- a)^-§- M-El-'ficl-. 
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£ 164 17-8- £ A 4, 5 -*5aH» Ji°l^r B| cfl^ Refold Refold #2] f^-& 

£ 16 H £ i7ofl JEt>1€ uj-sf zj-o), ^| i w 0 v^d x _ x ^aj o_,g_ z\ el] oj H| d ^ % dd ^^ofl <g^sq^ u| 

Cfl^j^j O.S ^ O]^ X - X Q^r f^O. j= 3 ^oflAife <£<>}- g -^-oj-o) 37121 d ^3 St\Q $ 

<L3.*\, 4<y=*i- ^efls. <S<§d 7>^-sV4. o)ei*V nlcH^a]9j -§- 31(300) Aj-ofl ^<H} d-§-« ^ Si 

5L 18-8- 5L 16 51 5. 17°11 51 a^ d^r z>o| H|tfl^2joj ^ 2 -g. 7 y^^ #d°l£-H 9X°]^\. -§-*H *8^« SI'S 

^ ^ efl<a2) SA-lel Jf-g-d sj-d-^- ^Aj^Efljg. d^el^l Aj-Efls. a.o)cl-. o)d z>d ^ ufloi^ ^ a^e) -*f£- 

-I: S^MI fit: -2-e ^A^H d-g-* ^ &d. 

g$« AjAloflon o^d, ^Uafloj^ eflojd ^ddd, i ^1-^-21 a°lc 0.1 vfl*l l.O^moH, aV^^Tim 0.1 
^1 0.4wn ^14. -^"a- ^^-S] E)|<y u)|o)i tfdfl iHl<ai-2l ^^^21 ^dfe ^, d^( 

recess) 2) 30}^ i.o d*l 10.0xan°l°l, d^d^lS-fe 1.0 vfl*l 4.0/anOltr. ^1^)°^^ #d°)tH 

2] ^11*^2] ^o]^ 500 d*l 4000/zniolJl -^-* 3. zJdd 50 tfld 100 sI^eo)] oj^cf. 

51 19a*r 19b£r ^°\] ^ 51 8°fl aJa)<^) i^l d€- ^. 7 , o.^. ^o]v\«\)x] ^^}^ 

^)iefl<aHflo|^o ] ^>(320)^lAi Al^sH 1 £11^(310)^1 oHx)^ oj^ oj-sjo. _g.*,)o} 2)01^0.3. ^ 7 > 

Sr^h ^ttWMM ^3*1 zj-isH «-oj. 0] ^^d. zie|:iz t)1 l sfl-a(3io)* ^«*q^ 5)l<a°l ^-q-fe 

Al^7>Xl o^o] OJ-^o) Al^Cj.. ^&|-OlDl2l ^-^^m lt*l°l ^-¥-<HlA^ #Sfi3 ^"^Ol ^AjslJ! ^^H, 

*ll 2 211^(370), 3.e|jl ^1 3 efl-|)(330H *\ €• <3=2l <$<!=\o} tg^Qr}. 

£ 20 Ml^l £ 28^ ^ ^r^ofl nr€- ^el-olcl ( Invention )2f £ 3# -S-Sfl #efl tflolsl 

#!)J ^el-olc-KTP), 5L 4# -§-3)1 ^afl Hel-ol-^H ^eM c-l(Tripad), ^JO. S. 5t -f-*il ^2fl 7fls. 

#5MDKZeroloadHl ^1— 3 «>^2l ^ e ^^-^ol Al^ofl 4= ^Aj-Aj-Efl «fl^^. §-*V Al-i-eflol 

^ v *°1 ^sl-l- a. 0 ^ «1S rLefl^olcl-. 

5L 20^- aJ-71 TP. Tripad, Zeroload, Invention -f- 4 7>^1 ^eMc-H cfltl ^aJ-aJ-e)! Sfl^^- aI^Ha! ^4 
3- 3)*) 7 -\2) iL°l^r Him ziafliEolcl.. £ 20<H1 SLa]^ ^lSSS ^ej-ol d (Zeroload)2l ^-^olo) 

^J}-7l- 7pJ- Aj*>j7, tflc,]3il 1-^1 ^d^c-KTP), HBr°l =1)2. *er°l c| (Tripad )2l ££L3. =l &&*$o) ft^r}. 
Jl -g- ^o\] *2l-o]cl(Invention)ol 7}% ^^<^^3] ^ ^o] 14^^. 



5L 21* ^71 TP. Tripad, Zeroload, Invention f- *7}*\ ^Bl-olcioii tfl^. ^Aj-^^ ^ Al-i-efloiAi 

l-zl-21 ^S)-1- s.o] n]SL ^vo]^. s. 2\o\] 5Al£ n}s\- zj-o^ ^. ^-tgofl cj-s. ^o]x<\ (Invention)* ^21^ 

^5} old (Zeroload), tflolsl #5? ^4^1 z\ (TP), BEl-ol s|l= ^d°l 3 (Tripad)2l 4^1 ^d 
tr4. °)» f-^fl ^ 5U^-o) ^^<H1 4* #el-olt:-l(Invention)2l ^0)^7} 7\^ «?>^^«?1 ^^l^^d ^ 

ojd- o^ei 7i2i "a^tb ?i-a- *^1M 



5L 22fe ^-7) TP, Tripad, Zeroload, Invention i4|7>*l Refold °1| cfltr ^Aj-Aj-Efl «flA^^ ^ s.]^]\o]# % 

d^ l-ZrSl ■SSr-i- Hl2 3.eflno|d. Si 22°11 5Ld^ dd #2flS] 2.S. ^d°lcH^- ^-^d ^^ollAid 

l-zj-21 ^Sl-71- dEl-M-fe «J-^°11 -&^^<H1 ^ ^el-dd (Invention)* ^S|-7l- p)|* d°ltr <&^9l -n-^l*Vfe 
* ^ SI 4. 
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£ 23fe -$7] TP, Tripad, Zeroload, Invention -g- vfl 7}*} ^eMoH <%-^4r 7}^ 7%-%-2\ ^eW^S) -^Aj-^o) o) 
>y-cjl^ &3) »£-g-§- q-Efifl jioi ulH nefl = olcf. £ 234| 3E*m «><4 £o), -g^o) 7}sfl£l nflofl, jz.=- ^e^cH 
-"•1 ■¥-^-fe°l2l tfcflajoi ^o] ^-a]*v ^j^j. ^^dl, £ ^ofl it), a ^o)v\ (Invention)* 4* f^efl #2He) 

t-°ii hi*h pfl-f -s-ejis. tf^s^-a- sa4. 

£ 24* ^7} TP, Tripad, Zeroload, Invention ufl 7>*l ^&MeH <|^-g- 7>tr ^-f ^ ^HM^S] ^^2^ 

# v+E}vfl His zLefl = o)cf. 3E 24°fl £a]3 h>s). ^o). ^o) 7>S))£-§- nflofl, ^eW^^M 3\x\Z\$) ^-cfl 

3<?1 iftsj s^g# <£S±7\ uJ-EfH-^-c-l), -g- ^igofl 4^. #e}°] C -1 (invention)* 4€- #efl ^eWc)^ al«fl nfl °- m]- = 

£. 25* -8-7] TP, Tripad, Zeroload, Invention * 7\t~) ^e).o)c-)°ll 7>tr ^*2) ^eH^S} £-f-& 

i+Efufl ja.ol HlJil ZLeflHolcf. £ 25<H1 H>iq. #oj, f^o) 7 r Sfl5l^r ^, S.* ^eMcHH s-s) ^-cfl^<y & 

3) =-g# £3)-7 r q-Ej-tHri*. £ t^ofl ^5|olCi (Invention)^ t& *3 tt*]^^ H l«fl D fl* -tfeflS. 

£ 20 vfl^l £ 251- H^i ^MS] *5|olcH°l 7)^1 #3).*. #Sfl2) afl JL - JLEL ^W^fe "fl-f *«>^« 

JMHM* -£°1* *1W1 4* *e1-°lci (invention)^ °fl* -J}-^ °J-£- ^ 

zteloL, eflolsl ^e^olc-KTP), B^-ifls. #4olci(Tripad)Sl- * ^eWd (Invention)^ cfl*V -^^J- 



£ 26* -8-7)31 TP, Trapad, ^ Invention g- <*fl 7 r *l £eW=H cfl^ e?m^a)s) ^e).o]c-)3) ^-Aj-^o) u)- 
El-ifl^, £. 27* A o v 7)s) TP, Trapad, ^ Invention g- -«fl 7>x] ^e^-olx^ofl tfl$- e^i 1^13) ^e)-o)c-)3) a^zf ^ 
M-E)-M)^, ri2)Jl £ 28* -8-712) TP, Trapad, 5 Invention ^1 7 r ^l ^o)c^ cfl?v e^^A)3) ^E)-o) 
c)2) 1-z)- q-E}^c)-. S. 26 £ 281- *«flA) -a-^ & ^-o) ^ ^-tgo)) o)-# #Hl-o)u1 (Invention)* 2.* ^■ 

^&o\}*\ °J:^€ ^-g- 7>^ln1-. 



-8-7l«- wVs}- £o) -g. ^-^ofl tc)-=. ^.oj. ^- 7 | o.^. afl^^ ^^oldfe c)^3 # <g<2H*l2l "a^SfTfl 
S)J1, C)^3 ^ ^^o))AiS) S)^)Z)-o) ^^^^) lflo))A) *A)S)JI, C)i3 ^ ^^oflA^3) l-Z)-3) 3L7l# <a 
3*1-7)1 ^ ^ 5HJ1, S-*l SlijLoflA) ^-8-«rfe ^ ^ 3=^ ^Jj°fl tfle *-f- ^^^* #* *DS-c)iH <?]£) 

^o)^s *<y=m i<9«a^si «g=* 3H, *°d^i 5. < s , y7.)-7> -^-^^oii ^^s)^ ^-a-i 14^1^ 



* ^* £^1€ <a ^Hl-t ^JiS ^^sl^^-M- ^1* ^l^^l *2l-*>^, 71 # 

f-Aj-o, aIa)^ 7>^] 0) S « Cj-«a=^ El- ^AH7> 7}^8)4fe ^* <=>1 «fl « ^ Si* SH^T. ^21- 

*\ * 1^21 ^I^tf ^ ^?1* ^"¥-€ •S^ofl 2)SflA-)nV ^SflT^O): ^- o) C)-. 

(5 7) ^-7^1 *$1 

1. 

3^.7)- 7)^-51^ Cl^aS) EgP^- n)-B)- ^-O) tjLAj-tj}. Aj-E)lcH)A-l ^]1H 0 V^:0. S W)^S)-^ ^-^3)-; 
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^7) ^7]-B-<y^^2l ^Ht^l D V^=)fe ^.S. *7l-H-<a^^^r O-S. >3"7l *fl 1 ^ofl ^3]<y 2fl 2 »S-*O.S 

2. 

^■5)^ ##-^7}- ^>^5)CH W 1 5fl°J till 0)^7} °>^5lll, 

^7) T-fl 1 Hfloji -tfofl # 7 | o o t W.OJ- ^«.o)l cfl-g-S^ ^15Hl<aol ^ o>^S]<^ 3}-g- *|.i=. Jf<£ 

^•71 -8:1- Hflo]^ ^etolci 
3. 

*H2*J-°1] 5U<>H. 
^^■^ 4. 

^12*J- *fl3*J-°l| 5tt°H. 

^•71 ^1 1 efllJsl *i«M ^li5)1<a Hflol^sl ^o\] suit Stf ^^7> D>igsH ^-g- S.^ 0.5. ^. 7 |^. 
5. 

^-7) afl 1 el]°J^ ^71 aflieflU ufloi^o) ^ <£*^ *g^E]^, 

^-7) ^-<y- ^--f-^-S- sj^Rr ^1 1 efl^sl ^b o Vo)) ^iefl<a Hll^^el ^<S°11 sitt ^^7} *><as]<H fl^ ^-g- m. 
^SLS. 5>^ -Y-ih ^-71 v\)o]^ ^5}o]c1. 

6. 

^-7] *fl 1 ell-^-a- ^-71 aflieflU mloi^o^ ^ 

-*7l ^-<y- ^-^^-^-i- ^sf^ ^1iefl°Jsl ^« 0 H1 a]] 1 31°^ Hflol^sl ^ofl 3^. ^i« 0 v ^>^-7l- n>^5i<H slfe ^ a 
^8 *>fe W ^71 a)H^ ^eto)d. 
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7. 

*fll* a||3* ^ A5ty o)± $jr sj-o)] SX^^, 

^•71 A A 2 ^Vo)) A 2 5)l^o] oV^s]<H 5tife £^o S -*jt<y- m)H^ ^eHd. 

^t 1 * 8. 
*)H*<H1 91°]*], 

#7) a i en <a Bfl°ii +»8- <smh ^i 2 5ii <a a)i°ii7)- #± ^ #3* ^-ji a^siji, 

^1 2 efl^HJlol^ ^Vofl *)i 2 511*^1 "f^^H 3* ^K 1 ^-<y- ^-71 h)H^ ^5}old. 

^*o>- 9. 

-^71 *)1 1 efl <|3 B)]o]^ ^l« 0 V oj^ofl *fl 2 efl<y H)lo)^7> -y-i Ti^-I; ^Jl °>^5l jl, 

A J-7l A A 2 fl|<a»)M^ 4H1 A 2 efl^ol "f^sH SZfe ?!-§- ^-^J^-S. *7l*» ^hM^. 

10. 

^17*<H1 5U°H, 

^71 «g= *)] 2 31 0 J A)-olo)| ^ 3 efl°J°l n^SH ^ s>fe ^-7l£# mH^ 

11. 

*119*J- *1|10*<H1 &<>H, 
12. 

^j-71 *)) 2 efl^-S- ^"71 ^cJO.S i^Tlel O|^£)ol o}^ ^J-g- B.^IO S ^ J=L<£ ^ 7 ]o.|. H)]o| ^ 

13. 

*1)8*J-vfl*) *fll0*J-<H) 91°]*\, 

^7} A 2 eflU-S: ^-7) -§-*fl2} ^cJ^S. ^ ±^7]Z\ o^s)^ ojfe ^j-g- H^^SLsL SRr ^^-gr* «)H ^ 

°|el. 
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^T 2 -^" 14. 
15. 

^t 2 -^ 16. 

^-71 -g-Afl^ 1 Hj-^ ^Hj-^-g.^ n)-34S^ ^ O..SL, Xfl 1 H 0 >^ <#4§H «H ^ 5] ^ *V2°] 1 -^-g^, 1 

« o] ^-^l n o^ol o4^S]fe 2 U-<8=3] 2 ^"g-^, #7) X]} 2 ^~g-£) ^7j-^-g-°fl o>^S)^ 1 ^<S\ ^7l 
^I^U, ^"71 <£ *1] 1 *f| 2 ^ ^ofl ^-7] ^7)-^-^^^* ?^J«S 2 

^71 ^e}old S-^Sl 7fl 1 D-^S} ^« 0 V °<MH] 4J-71 l i^Tl^-g- Jfjl zj-z}- n^S^ ^] 2 AlU-fr 

17. 

18. 

*fll6^ £fe ^1117*J-«>1] 5U°H, 

^7l o o t a)] ! jfloj^g. ^ ^.o)^ ^ ##^-71- ^^£)J1 ^71 «£ -¥-<y- ZJ-^ «§Efl3j W ^ *fl 1 

^-7] ^l-B-^fl^ ^-7) i efl<y v\}°) + 2) ^-^o)| ^«)] ^l^sl^ 3-g- f^)o £ -^-y- ^7l*# H1H 

^ #^1^1. 
^T 1 ^ 19. 

*1118*J-°11 

^7l 1 i]}^ ^7) 7% 1 efl^ »)]o|:±: ^^-<H| ^^£l^, 3. ^ ^ ^«i> <U^) ^1 1 ^1] °J °1 ^^5) 

^1 St* ^1 1 511 <y Hll^l^Sl ^o\] SW; Sflfe ?J* f^AS §>fe ^-^ ^7l-8r« Bfl«H^ *^°ic-i. 

20. 
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*11181H 5fl<>H, 

^T 1 * 21. 
*H19*J-°1] Xl^l, 

3. 



- 15 - 




- 16 - 




- 17 - 



^HS.*} ^-2002-0003902 



2c 




^ 3 
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